The impact of polymers on 3D microstructure and controlled release of sildenafil citrate from hydrophilic matrices.
Sildenafil citrate has short biological half-life in humans. Thus, matrix tablets of controlled release were designed and prepared by compaction on the basis of hydrophilic polymers, i.e. HPMC, sodium alginate, carbomer, poloxamer and their mixtures. The impact of these polymers on sildenafil release in vitro and its pharmacokinetics in vivo was evaluated. Since drug release rate from hydrophilic matrices can be govern by the porosity of the matrix, the microstructure of tablets was studied using X-ray microcomputed tomography. 3D network of either open (percolating) or closed (non-percolating) pores was reconstructed. The tortuosity and the diameter of both kinds of pores were determined. Their spatial distribution within the matrix was analyzed in linear and radial direction. Polymer-dependent characteristics of the open pores (Ø > 2 μm) architecture was shown. The release profiles of sildenafil from matrix tablets fitted to Korsmeyer-Peppas model (r2: 0.9331-0.9993) with either Fickian diffusion or anomalous transport involved. Mean dissolution time (MDT) from tablets made of HPMC, carbomer or a mixture of HPMC and sodium alginate (2:1) was ca. 100 min, which was more than twelve times longer as compared to matrices prepared of silicified microcrystalline cellulose (MDT = 8 min). MDT correlated with the number of the open pores (Pearson's r = 0.94). Sustained release of sildenafil from ground carbomer tablets reflected in the slow absorption of the drug (tmax = 5.0 ± 1.2 h) in vivo and the relative bioavailability of 151%. Interestingly, the relative bioavailability of sildenafil from binary matrices composed of HPMC and sodium alginate (2:1) was almost four times higher than that of sildenafil alone.